Abstract. In this paper, the through-current experiments of various alloy materials in the analog ground fault state are carried out and the relevant force, heat, electric performance test and analysis have been accomplished too The part alloy materials which meet the requirements of the low resistance grounding resistor are selected, and on this basis the optimization design of resistance sheet shape, geometry size, space structure and overall arrangement is presented. The simulation results show that the selected alloy material and the structure design scheme satisfy the requirements of the low resistance grounding resistor. The research results for achieving the domestication of low-resistance grounding resistor is of great significance.
Introduction
In high voltage power distribution system, the choice of the grounding way of neutral point is a all-around technical matter, and the grounding way, such as ungrounded neutral point, arc-suppression coil grounding, direct grounding and through low-resistance grounding, have their own characteristics [1] [2] [3] . With constantly increase of load, the grid transmission system of overhead line is substituted by cable line gradually. Especially underground cable in the city and industrial estate increases rapidly, which brings the fact that the numerical value of capacitance current of the system rises substantially. In order to reduce inside over-voltage caused by single-phase short circuit, more and more neutral points ground in low-resistance1. In this way, the short circuit current is high(100A-2000A) and of short duration(10 seconds), and it will make the temperature of facility elevates fast (the temperature can reach 800˚C) ,which has a obvious impact on the performance of alloy material of grounding resistor , the resistor will be likely to be damaged because of distortion or melting .Grounding resistor material should have high resistivity to save materials, and low temperature coefficient, good stiffness and thermal properties to ensure the resistor operating steadily and safely in the grounding fault condition [4] [5] [6] [7] [8] [9] . Since the grounding resistor is composed of multiple resistance units in series and parallel connection, the nonuniformity of temperature distribution in the process of through-current will lead to differences of force and thermal performance in different positions. How to effectively predict the temperature field distribution and the effect on the performances of materials in the condition of ground fault becomes the key of development of low resistance grounding resistor.
In this paper, on the basis of experimental study, the relevant problems of selecting materials and design scheme of low-resistance grounding resistor are discussed. The simulation results show that the selected alloy material and the structure design scheme satisfy the requirements of the low resistance grounding resistor.
Selection of resistance materials
Mechanical, thermal, and electric performance test of resistance materials. The resistance value of Grounding resistor is decided by the power grid voltage grade and the rated short circuit current, generally less than 10 6 . The grounding resistor is composed of resistance units of all shapes in series and parallel composition, when earth fault occurs, the temperature of resistor sheets rises rapidly, which has an obvious impact on the mechanical and thermal performance of electrothermal materials. So, more than 20 kinds of different type and specification electrothermal materials are tested International Conference on Manufacturing Science and Engineering (ICMSE 2015) regarding of mechanical, thermal, and electric performances. A large number of experimental data are obtained and analyzed, and the resistance material which meets the requirements of grounding resistor is acquired.
Selection of resistance materials. Experiments show that, generally, the resistivity of nickel-chromium and nickel-chromium-iron alloy is lower than iron-chromium-aluminum alloy. Considering the cost of materials, the decrease of volume and other factors, grounding resistor material can use iron-chromium-aluminum alloy4, and Chromium and aluminum are major elements to improve the resistivity. The influence of aluminum and chromium content on the resistivity can be seen from the figure 1 and figure 2 respectively. The resistivity increases with rising Al and Cr content, and the temperature coefficient of alloy material is associated with material composition, especially the content of nickel, chromium, aluminum and other major elements. The temperature coefficient of iron-chromium-aluminum alloy decreases with rising contents of aluminum and chromium. When aluminum content is low, the resistance temperature coefficient of iron-chromium -aluminum alloy is relatively big, and the resistivity increases obviously in the through-current process, and its mechanical and thermal stability becomes poor. The curve of iron-chromium-aluminum material resistance with temperature is shown as figure 3.
The maximum through-current density which all kinds of resistors can bear is related to its structure, shape and material properties. The maximum through-current density of same material increases with the growing cross-sectional area. The relationship curve between the maximum through-current density of an iron-chromium-aluminum alloy and the cross-sectional area is as shown in figure 4 , and it is a nonlinear relationship. Considering the cost of materials and the decrease of volume, the maximum temperature rise needs to be improved as much as possible. The formula of temperature rise is as follows [7] (According to the adiabatic computing, regardless of other non-metallic materials absorption of heat).
In the formula (1), 0 ρ and α express resistivity of alloy material at 0˚Cand the temperature coefficient respectively, c , γ , and S represents specific heat capacity, density and cross-sectional area, T ∆ and t indicates respectively the temperature rise and the current duration. As can be seen from the formula (1), the temperature rise is inversely proportional to the square of the cross-sectional area, the smaller the cross-sectional area, the higher the temperature rise. So, considering the cost of materials, the process of design should be based on the maximum service temperature. Of course, extremely high working temperature will affect operational stability and security of grounding resistor. Generally, Nickel-chromium and nickel-chromium-iron alloy plasticity at room temperature is better to adapt to the complex cold bending deformation than iron-chromium-aluminum alloy. But the plasticity of iron-chromium-aluminum alloy material at room temperature declines with the increase of chromium-aluminum content, which means it, is not easy to manufacture and install electro thermal components. Especially, when iron-chromium-aluminum alloy is at low temperature (0 ˚C) or near the high temperature (950 ˚C), its plasticity declines sharply and becomes embrittled, resulting the damage of the device4.After comprehensive consideration of all kinds of factors such as material resistivity, temperature coefficient, tensile strength, maximum through-current density, high temperature oxidation, and thermal expansion coefficient, two kinds of materials were selected for the grounding resistor, the relevant parameters are as shown in table 1.
Tab 1 The parameters of the selected resistance materials

Design of ground resistor
Shape of the resistor sheets. In order to reduce the dimension of grounding resistors and increase the coefficient of heat transfer, the grounding resistor consists of a lattice of resistor sheets.
Calculation of single resistor sheet. The maximum adiabatic temperature rise is the highest temperature of this material which can be reached in certain through-current time, and it is an important reference to the selection of material dimension and through-current density. The calculation formula obtained by the formula (1) is shown in formula (2). 
T ∆ is the adiabatic temperature-rise, A is the maximum current density (A/mm2). Because the resistance temperature coefficient of electrothermal material α is relatively small, the formula can be simplified to 
The calculation and design of the resistance unit is crucial in the design of resistor, and the selection of maximum current density is the key to a resistance unit. From the experiment result, the cross-sectional area of the resistance sheet is relative to the through-current density and the larger the section area, the bigger the maximum current density. Meanwhile, the maximum adiabatic temperature-rise is directly proportional to the square of the through-current density, and the through-current density of resistor can be chosen according to the temperature rise. Due to the thermal dissipation, there is a large gap between the actual temperature rise and the adiabatic temperature rise. As a precondition of security and stability, considering the cost of material, the following 4 kinds of current levels are established for two types of material according to the experimental results, the maximum service temperature of resistance materials, design requirements and other factors. The maximum adiabatic temperature rise of resistors of each current level is shown in table 2. Tab 2 The maximum adiabatic temperature rise to each type of resistor According to the parameters in table 1 and table 2 , the relevant parameters of single resistance sheet of various types of grounding resistor can be calculated by the adiabatic temperature rise , in the case of material A, assuming the rated fault current is 100A, the calculation of relevant parameters is as follows: when I=100A , T ∆ ＝800˚C, the formula of through-current density derived from formula 
The effective through-current sectional area of resistor S=I/A= 6.9mm 2 , resistor width a=30mm, thickness b=S/a= 0.23mm,which is roughly 0.25mm, and then calculate inversely the through-current density and adiabatic temperature rise by selected geometric dimension. The effective through-current length of each resistance sheet is L1=665mm, then each sheet resistance value is R1 =0.1197Ω, because the resistance value of each welding point on the resistor will be increased by 1.21% [6] , and the variation of oxidation and temperature rise also leads to the increase of resistance, the total additional resistance is calculated by 1.5% * R1, and then the resistance value of single resistor sheet is obtained. The relevant parameters of various types of resistor sheets can be calculated in the same method.
Tab. Overall arrangement of resistor components. Assuming network voltage grade is 10 kV, the total resistance value of grounding resistor in different short-circuit currents can be obtained according to the relationship among voltage, resistance and the short-circuit current of grounding resistor. The total number of resistor sheets can be derived from the resistance value of single resistor sheet, those resistor sheets are arranged in even number layer with rational lamellar spacing and layer spacing. Take, for example, the short-circuit current 1000A of grounding resistor designed by material A and the short-circuit current 400A of grounding resistor designed by material B, the overall arrangement parameters of grounding resistor of corresponding specifications are shown in table 3.
Simulation analysis of temperature field
According to the design scheme, the temperature field distribution10-15 of grounding resistor of which rated fault current is 400A (through-current duration is 10 seconds) is simulated by analysis software ANSYS. Figure 5 is the temperature field distribution cloud chart of grounding resistor. Figure 6 shows the temperature-time curve of a node which is in the central position, the edge position or some other position during the through-current process. As can be seen from the figure 5, the highest temperature is 629.6˚C, and the overall temperature rise conforms to the objectives of design. The temperature in the center is approximately about 1.2times as much the temperature of edge in figure 6 . Different temperature field distribution of grounding resistor can be obtained due to the change of the material and relevant parameters.
Summary
Two materials are selected from the domestic electrothermal alloy materials. The experiment results show that the performance of those materials can basically satisfy the requirements of low resistance grounding resistor.
Selecting rational through-current density according to the development objects, mechanical and thermal performance of different materials is the key of grounding resistor design for different current levels.
Simulation results show that the design of the resistor is in accordance with the technical requirements of the low resistance grounding resistor. The research result is of great significance for promoting localization of low resistance grounding resistor.
